The response of excitable cells to inhibitory nerve impulses has already been studied with intracellular electrodes in several preparations. In the spinal cord of the cat an inhibitory volley sets up a transient polarization of the motoneuron, preventing it from discharging (Brock, Coombs, and Eccles (4)). In the crustacean nerve muscle junction inhibitory impulses have a dual effect. They attenuate the amplitude of the local excitatory potentials and produce a potential change directed towards the resting level, whenever the membrane potential is displaced by applied currents (Fatt and Katz (13)). Mechanisms of inhibition have also been studied recently in isolated nerve cells of crayfish and lobster by Kumer and Eyzaguirre (22). The inhibitory impulses "drive" the cell membrane potential toward an equilibrium level and may produce a polarizing or depolarizing effect, according to the state of the cell membrane.
The response of excitable cells to inhibitory nerve impulses has already been studied with intracellular electrodes in several preparations. In the spinal cord of the cat an inhibitory volley sets up a transient polarization of the motoneuron, preventing it from discharging (Brock, Coombs, and Eccles (4)). In the crustacean nerve muscle junction inhibitory impulses have a dual effect. They attenuate the amplitude of the local excitatory potentials and produce a potential change directed towards the resting level, whenever the membrane potential is displaced by applied currents (Fatt and Katz (13) ). Mechanisms of inhibition have also been studied recently in isolated nerve cells of crayfish and lobster by Kumer and Eyzaguirre (22) . The inhibitory impulses "drive" the cell membrane potential toward an equilibrium level and may produce a polarizing or depolarizing effect, according to the state of the cell membrane.
The study, by electrical recording, of the nervous inhibition of the heart goes back to Gaskell (15) , who found that the demarcation potential in the tortoise auricle was increased by stimulation of the vagus. More recently Burgen and Terroux (5) measured with intracellular electrodes a polarization in cat auricle on application of acetylcholine, and they present some evidence that this effect may be in part due to an increase in the permeability of the membrane to potassium ions. In the present paper an attempt is made to record the effect of vagal and of sympathetic stimulation on the fibers Of the sinus venosus. This seemed to be of interest since it has been found that the pacemaker fibers in the sinus venosus differ from auricle fibers in showing a slow depolarization during diastole (Trautwein and Zink (25) ). It will be shown that on vagal stimulation the development of this slow depolarization is suppressed and that the membrane potential in the inhibited sinus is driven towards a resting level. Action potentials set up by direct shocks during vaga] inhibition are also affected and block of conduction often occurs.
While this work was in progress we learned that similar experiments have been made by del Castillo and Katz (7) . A preliminary report of the present work has appeared (21) .
Method
Frogs.--In all experiments the heart was excised together with the two vagosympathetic nerves. The ventricle and a large part of the auricles were cut away and the sinus venosus was pinned on wax in a bath with the dorsal wall underneath (Fig. 1) . To enlarge the sino-auricular ostium two small cuts were often made in the roof of the sinus. In early experiments the preparation was sometimes distended in an attempt to reduce the movement, but this was found to increase the force of the contractions and to reduce the chance of meeting a fiber with the electrode. We therefore have avoided unnecessary stretch as far as possible. Sometimes the inferior vena cava was tied, or invaginated and pinned to one side to afford additional support.
Tortoises.--The sinus venosus of the tortoise is a large U-shaped structure, vagal branches entering along the venae cavae superiores and along the pulmonary veins. To avoid cutting branches, the vagus had to be dissected to the point at which the division of the pulmonary and cardiac branches could be seen. In the tortoise considerable stretch had to be applied in pinning out the opened sinus, since otherwise the slow tonic movements of the smooth muscle component were troublesome.
The fibers in the sinus venosus, as seen with the phase contrast microscope, have a diameter of less than 5 #. Penetration of fibers through the endocardium was frequent, but many trials were necessary to obtain a stable impalement free from mechanical artefacts due to the heart beat. The best results were obtained with slender flexible electrodes with a resistance of 20 to 80 megohm. As a rule the camera was opened after 3 to 4 action potentials of constant amplitude were observed. Inade. quate sealing of the electrode could be recognized by small and distorted potentials of variable amplitude. Often in the course of trials an electrode became unstable, probably because of occlusion of the tip, and had to be cleaned or replaced. The recording equipment was a conventional cathode follower input stage to a D.C. amplifier. The time constant of the whole system with a KCl-filled microelectrode of 20 megohm was 100/~ sec., as tested by a square pulse through the microelectrode.
The vagosympathetic nerves were stimulated in paraffin oil with rectangular pulses of 2 msec. duration. The cardiac fibers have a high threshold; the shocks used were twice the minimum voltage required to produce slowing of the heart. Considerable variations in the responses to vagal stimulation were observed. In January the heart could be arrested by a few shocks. A batch of frogs in April was, on the other hand, quite unresponsive. In most experiments (February-May) a train at 20/sec. lasting 1 to 2 sec. could be relied upon to give an effect throughout the experiment. When it was desired to block the sympathetic response ergotamine tartrate (1 in 200,000) was added to Ringer's solution. Atropine was used in a concentration of 1 in 1 million. Supramaximal direct stimuli of 1 to 2 msec. duration were given through platinum electrodes insulated to the tip and fixed near the surface of the preparation.
Ringer's solution was made up with the following ionic composition expressed in millimoles per liter: Na 112.8, K 2.7, Ca 1.8, C1 117.3, HCO3 1.8. The experiments were done at a room temperature of 22-25°C.
:RESULTS

Action Potentials of Sinus Fibers
The membrane potential changes in the fibers of the frog's sinus venosus are characteristic of a spontaneously active excitable structure (Arvanitaki (1), Hodgkin (17) ). During diastole a slow depolarization--the pacemaker potential-develops. The amplitude of the pacemaker potential varies in different parts of the sinus. In most preparations a small area may be found in which the pacemaker potential reaches 13 to 15 my. before it goes over into the upstroke of the action potential (Fig. 2 A) . When this is the case the electrode is probably in the region of the sinus that sets the rhythm and generates the impulse. In the rest of the sinus the slope of the pacemaker potential is flatter and the onset of t h e action potential is then much more abrupt (Fig. 2 B) . Such records probably come from fibers that would drive the heart at a lower frequency so that they are excited by conducted impulses originating in the pacemaker region. In some preparations this was the only kind of record obtainable. We believe that in those experiments the pacemaker region was never properly located. Perhaps the fibers with the highest automaticity were sometimes so thin that the chance of their selection by a microelectrode was rather low.
In potential at the peak of the repolarization; (b) the overshoot of the action potential; (c) the amplitude of the pacemaker potential. The results are summarized in Fig. 3 which is a plot of the repolarization peak and "overshoot" potential against the pacemaker potential. It appears that in the fibers with the largest pacemaker potentials the repolarization is least complete. The overshoot of the action potentials also tends to be small when the pacemaker potential is large, probably because of the lower take-off voltage (Weidmann (27) ). Values from 6 frog auricle fibers are included in Fig. 3 , the points lying 
Events during Vagal Inhibition
Inhibitory Polarization.--The membrane potential changes in the pacemaker fibers during arrest of the heart by the vagus are shown in Fig. 4 . The records are taken at an amplification that shows only the lower part of the action potentials. During the fifth cycle vagal stimulation at 20 per sec. is started and continued for about 3 sec. This causes acceleration in the repolarization of the action potential which now reaches a higher membrane potential (arrow, upper record). A slower phase of further polarization then follows, and at the peak of the inhibitory polarization the membrane potential is 9 my. higher than the value reached during the previous beats. On removing the vagal FIG. 4. Effect of vagus stimulation on the membrane potential of a pacemaker fiber in a spontaneously beating frog sinus venosus. A, vagi stimulated at 20/sec., as indicated by break in the reference line. B, same fiber 1 min. later. In this record the vagi were stimulated intermittently at 20/sec. Note the escaped beat at the beginning of the fourth stimulation period, and the rapid repolarization if inhibition acts together with the recovery phase of an action potential. stimulus a slow depolarization develops again. The lower record of Fig. 4 is taken from the same fiber after an interval of several seconds and shows the effect of four bursts of vagal stimulation. Whenever stimulation is interrupted a slow depolarization builds up, but before the membrane potential reaches threshold the membrane is once more repolarized by a new burst of vagal impulses. It may be noted that in all four inhibition periods the membrane is polarized to nearly the same level. This level seems to be reached quickly if inhibition starts during the repolarization of an action potential. Apparently the membrane restitution process sums with that of the inhibitory action ( Fig. 4 B and 5 A) . If, however, inhibition has to overcome the rising phase of the pacemaker potential, the increase in the membrane potential develops relatively slowly (Fig. 5 B) .
In all, 52 experiments involving vagus stimulation have been made in the frog. The increase of the membrane potential depends among other factors on the stimulating frequency, and ranged from 0 to 23 my. The results are somewhat difficult to summarize since the sensitivity of different preparations to FIG. 5. Spontaneously beating frog sinus venosus, ergotamine tartrate 1 in 100,000. Effect of vagal stimulation at different stages in the cardiac cycle. Only the lower third of the action potentials is shown at a higher amplification. A, stimulation at 10/sec. starts during the plateau of the fourth action potential. B, stimulation at 10/sec. starts during the build-up of the third pacemaker potential. After 1 sec. interval vagus stimulation at 2/sec. resumed, heart rate slightly slowed.
vagal stimulation varied considerably. In the spring neostigmine had to be added sometimes to obtain arrest of the sinus. Also, in the early experiments ergotamine was not always used to block the sympathetic effect. But it is unlikely that the vagal polarization was significantly modified because the sympathetic effect has a comparatively long latency. Another complication in attempting to arrive at a quantitative estimate of the average magnitude of the inhibitory polarization was that vagal fatigue obviously occurred in the later stages of many experiments. Therefore in Table I only the first few stimulation periods in each experiment have been considered. On this basis the average increase ill membrane potential amounted to 10 inv., that is the maximum diastolic membrane potential is driven from an average value of 55 to 65 my. This suggests that the resting potential of the sinus fibers is approximately the same as the diastolic membrane potential in frog auricle and ventricle fibers (Woodbury, Hecht, and Christopherson (28), Trautwein and Witt (24) ). It should be pointed out, however, that the pacemaker potentials were depressed even when the vagus was fatigued. The heart was then arrested frequently without a significant increase in the membrane potential beyond the impulse repolarization peak. The suppression of the pacemaker potential is therefore the only essential feature of the negative chronotropic effect of vagal stimulation.
Changes in Pacemaker Sile.--When the sinus starts to beat again after a period of vagal polarization the action potentials often arise from a higher L membrane potential than before the arrest of rhythmic activity. In the experiment illustrated in Fig. 4 A for instance, the firing points for the first five action potentials are at about -4 0 mv. During recovery from vagal stimulation, by contrast, an action potential arises when the membrane potential has fallen to only -4 6 inv. Further, in Fig. 4 B an impulse "escapes" at a membrane potential of -5 0 inv. The change in firing level during and after inhibitory stimulation may have two explanations: (a) the occurrence of a real threshold change in the impaled fiber. (b) A shift of the pacemaker within the sinus during the recovery period from inhibition, returning after 2 to 3 beats to the impaled fiber region. Shifts of the pacemaker within the sinus have actually been observed by Athanasiou and G6pfert (2) with extracellular electrodes after local application of acetylcholine. It was assumed that such shifts had occurred in our preparations whenever the amplitude of the pacemaker potential became smaller and the slope less steep (like Fig. 2 B) after an inhibitory period. Presumably the part of the sinus that was least inhibited by vagal stimulation took over the pacemaker function and excited the former leading fibers by conduction, before these could build up an adequate po-FIC. 6. Spontaneously beating ergotamine-treated frog sinus preparation. Vagus stimulation causes inhibitory polarization. Three action potentials during recovery. Note the narrowing of these potentials and their smaller peak potential and overshoot.
FIO. 7. Excised sinus venosus of the tortoise. Responses to direct shocks during vagal inhibition. A, spontaneously beating fiber. After the second beat a test shock causing an extrasystole is interpolated. Vagal stimulation at 10/sec. starts at interruption of the time marker and continues to the end of the record. Two more test shocks during vagal arrest evoke narrowed responses of progressively decreasing amplitudes. B, this preparation was electrically driven throughout the illustrated part of the experiment. Vagal stimulation starts after the fourth action potential. The fifth response is an abortive, shortened action potential. The next two shocks show no response. During the recovery from the inhibition needle-like action potentials were recorded. Note the changes in latency. 723
tential. On two occasions the development of a new pacemaker after a vagal arrest could be observed directly. The fibers showed only a small pacemaker potential before the inhibitory polarization, indicating that the electrode was not in the center of the pacemaker region. The first impulse after the vagal arrest, however, was preceded by a steep pacemaker potential of 14 mv., characteristic of the pacemaker focus (like Fig. 2 A) . A shift to the region of the recording lead must have occurred. After several beats the pacemaker location shifted once more, presumably to the original site some distance from the electrode. Sometimes it was difficult to decide just where action potentials arose. This applies, for instance, to the impulse "escaping" at the beginning of the fourth vagal burst in Fig. 4 B. This again is presumably excitation by conduction, frequently seen in preparations in which areas of the sinus had been partly denervated by unsuitably placed cuts. Effects on the Action Potential.--The changes in the height and duration of the action potential as a result of vagus stimulation are illustrated in Fig. 6 . As in the mammalian auricle a shortening of the impulse duration was seen (Burgen and Terroux (5), Hoffman and Suckling (18)). In addition the amplitudes of the first three potentials during the. recovery period from inhibition are reduced. This reduction in the peak potential was particularly obvious when the sympathetic effect was eliminated by ergotamine. A decrease in the amplitude of the action potential was noted by Burgen and Terroux (5) in the cat's auricle after treatment with high concentrations of carbamylcholine. It seemed of interest, therefore, to study the changes in the action potential at the depth of vagal inhibition.
Direct Stimulation during Vagal Arrest: Block of Conduction
The experiments were done on tortoises in April and May because at that time the sensitivity of several batches of frogs to vagal stimulation was rather low. Tortoises have the advantage that the vagus fibers can be stimulated separately from the sympathetic fibers so that the use of ergotamine was unnecessary. Accurate localization of the pacemaker area was not essential for the purpose of the present experiments.
Two types of experiments were made. In the first the sinus was allowed to beat at its own rhythm, and the responses to interpolated direct stimuli were tested. This procedure had the advantage that only a few direct shocks had to be given. In the experiment illustrated in Fig. 7 A, for instance, an extrasystole was interpolated after the second beat. After two more beats vagal stimulation was started. While the heart was arrested two test shocks were given. The most striking effect was the great shortening of the action potential. The amplitude of the action potential was also reduced, especially after longer vagal stimulation.
In the second type of experiment the sinus was driven at a frequency faster than its normal rhythm. This often introduced a complication: with each shock a progressive narrowing of the action potential occurred. Presumably, the direct shocks stimulated intracardiac vagus branches (Gaskell (14)). The effect is most pronounced near the stimulating cathode and may usually be FI6. 8. Electrically driven tortoise sinus venosus. Sweep synchronized with direct shock. Superimposed action potentials before and during vagal inhibition. A, impaled fiber near cathode, stimulus artefact on action potential rising phase. B, impaled fiber 11 mm. from cathode. Stimulus artefact synchronized with beginning of sweep. For details see text.
avoided by moving the recording electrode to a distant part of the sinus. But then a progressive increase in latency between the stimulus and response develops, because the impulse has to pass through a partly inhibited region. This slowing of conduction is seen in the first four action potentials in Fig. 7 B. On firing a burst of vagal impulses block of conduction occurs. Often a much reduced impulse comes through before block is complete.
The changes in the action potential on vagal stimulation were also studied with single frame exposures. Fig. 8 A was recorded near the stimulating cathode. Direct shocks were given once every 2 sec. The first action potential had an amplitude of 80 inv. and an approximate duration of 500 msec. After it was recorded 4 vagal impulses at 2/sec. were sent into the preparation. The response to the next direct stimulus, just after the last vagal volley, is the smallest illustrated in Fig. 8 A. It has an amplitude of 53 mv. and a duration of about 50 msec. The other two traces were taken during the recovery period, approximately 3 and 5 sec. later. An experiment showing changes of conduction is illustrated in Fig. 8 B. In this densely innervated preparation the recording electrode was 11 mm. away from the stimulating cathode, and the action potentials therefore arise with a considerable latency (stimulus synchronized with the start of the sweep). The first response photographed has the shortest latency and longest duration, but it already suffers from a slight vagal effect due to intramural nerve stimulation by several preceding direct shocks. The vagi were then stimulated at 2/sec. for several seconds. This caused an increase in the membrane potential and a block of conduction, as shown by the several sweeps passing without any response. The action potential with the longest delay and shortest duration came through about 6 sec. after the end of vagal stimulation. Another potential during recovery is also recorded. It shows an after-positivity. This feature was observed at a certain stage in the recovery on several occasions.
In a few experiments an attempt was made to determine the absolute velocity of conduction in the sinus of the tortoise. But it was found that small movements of the stimulating cathode, or of the recording electrode caused a disproportional change in the latency. Clearly, the impulse does not always take the most direct path through the loose syncytium. A rough estimate of the change of conduction velocity may, however, be made from our experiments. It seems that the speed of conduction falls by 30 to 50 per cent before block occurs. A similar decrease in conduction velocity has been observed by Burgen and Terroux (5) , in the cat's auricle on treatment with high concentrations of carbamylcholine (10 #g./ml.). That a few vagal volleys are enough to bring about this change in the sinus venosus emphasizes the great sensitivity of this structure. Perhaps it shares this specific property with the sino-auricular node in the mammalian heart.
Experiments on Auricle Fibers
The direct effect of vagal stimulation on auricle fibers is demonstrated in Fig. 9 . The first three potentials are from an auricle fiber of the spontaneously beating heart. Vagal inhibition at 20/sec. suppressed the activity, presumably because the pacemaker in the sinus is completely inhibited. During this inhibition the auricle was stimulated directly, indicated by the white vertical lines. The first two stimuli were ineffective while the subsequent three shocks after cessation of vagus excitation set up in the auricle action potentials which were shortened in duration and reduced in height, similar to events already Fro. 9. Frog auride, driven by the spontaneously beating sinus. Vagal stimulation at 20/sec., indicated by interruption of reference line, arrests the preparation. Five direct shocks were applied as indicated by white vertical lines above. There were no responses to the first two shocks. The responses to the last three shocks increase progressively in amplitude. Note the constancy of membrane potential during inhibition.
seen in the sinus (Figs. 8 and 9 ). The constancy of the membrane potential in the frog's auricle under the present experimental conditions is of interest in interpreting the inhibitory polarization occurring in the sinus fibers (see Discussion) and recalls a similar finding in mammalian auricle (Hoffman and Suckling (18)).
Effect of Sympathetic Stimulation
To study the membrane potential changes on sympathetic stimulation 5 frog preparations were treated with atropine (1 in 1 million) . In the experiment illustrated in Fig. 10 the frequency of the heart was 30 beats per rain. On stimulating the vagosympathetic trunk at 20 per sec. the frequency gradually increased to 60 per min. As might be expected, the slope of the pacemaker potential increased in steepness. The threshold was not detectably altered. The maximum membrane potential (zero to impulse repolariz~tion peak) in each cycle also appeared unchanged, except in one experiment in which the increase in frequency was so considerable that the repolarization of each action potential was slightly cut short by the developing pacemaker potential. The camera was opened between beats, only a part of the pacemaker potential and of the repolarization can be seen.
Hand in hand with the increase in the frequency, the action potentials grew to a greater height. In the experiment illustrated the "overshoot" was doubled.
In one preparation the upstroke of the action potential was studied with a fast continuously sweeping spot. The camera was opened about halfway between beats so that only a part of the depolarization developing during di-astole is shown. The S-shaped upstroke in Fig. 11 (left) arises from a threshold of --45 inv. and reaches a potential of 9 mv. at the maximum of the overshoot. The right-hand part of Fig. 11 was taken after sympathetic stimulation. The faster build-up of the pacemaker and higher beat frequency may be recognized by the relatively few sweeps on the screen before threshold is reached. It will be seen that both the rate of rise and the amplitude are increased by sympathetic stimulation. In both pictures of Fig. 11 a part of the repolarization is seen. During sympathetic stimulation the repolarization is accelerated, presumably as a secondary consequence of the higher beat frequency.
DISCUSSION
Little direct information exists about the processes that underlie the slow depolarization during diastole in sinus fibers. But some evidence concerning the analogous event in the pacemaker region of excited mammalian Purkinje strands has recently been provided by Draper and Weidmann (10) . They found that the slope of the pacemaker potential in Purkinje fibers is approximately proportional to the extracellular sodium concentration, suggesting that a net influx of sodium ions is responsible for the slow fall in the membrane potential. The hypothesis may perhaps be applied also to the sinus fibers, for a relation between the frequency of the spontaneous rhythm in perfused frog hearts and the sodium ion concentration has long been demonstrated (Daly and Clark (9)). It should, however, be pointed out that the factors governing the net sodium flux during diastole are not known. Either a gradual increase in Na permeability, or a temporary depression of the secretory mechanism which normally extrudes sodium from the interior of the cell could account for the depolarization (Draper and Weidmann (10) ).
The similarities between Purkinje and sinus fibers do not, however, extend to the nervous control of the rhythm. The Purkinje fibers do not receive a vagal innervation and their rhythm is not changed by acetylcholine up to 1 in l0 s. With higher concentrations a small depolarization has been seen (Weidmann, personal communication; Trautwein, unpublished) . The insensitivity to acetylcholine also applies to the mammalian ventricle (Hoffman and Suckling (18) ). We will therefore assume that the sinus fibers, and to a certain extent the auricle fibers, possess specific receptors in much the same way that the end-plate region of a striated muscle fiber does. In the case of the end-plate strong evidence exists that acetylcholine depolarizes by opening channels for the movement Of sodium and other ions (Fatt and Katz (12) , del Castillo and Katz (6)). In the sinus acetylcholine increases the membrane potential, and the changes in the postjunctional membranes must therefore be of a morespecific kind. One possibility is that the influx of sodium ions, to which the instability of pacemaker regions has been attributed, is reduced. This possibility must be put to an experimental test, but the apparent insensitivity of ectopic pacemakers to acetylcholine argues, we believe, against a close relationship between the processes responsible for the automaticity of cardiac muscle and those involved in vagal inhibition. Moreover, the close analogy between the effect of vagal impulses on the sinus and the effect of inhibitory impulses in other preparations suggests a different explanation.
Experiments on mammalian auricles (Burgen and Terroux (5)), on crustacean muscle and nerve cells (Fatt and Katz (13) , Kuffler and Eyzaguirre (22)), and on the spinal cord of the cat (Coombs, Eccles, and Fatt (8)) have led to the conclusion that inhibitory action involves an increase in the permeability of the post junctional membrane to ions such as K and C1 whose movement restores the resting potential (see also Fatt's review (11)). Any displacement of the resting potential by, say, an inward current of sodium ions, would therefore be attenuated or annulled. This mechanism offers a satisfactory explanation for the suppression of the pacemaker potential, and can also account for the increase in the membrane potential, if it is assumed that the membrane potential is driven towards the equilibrium potential for K and C1 ions. This is suggested by the observation that the maximal polarization reached by vagal stimulation brings the pacemaker fibers to a potential level (60 to 70 inv.) similar to the diastolic potential maintained by the auricle fibers. There the resting potential is presumably near the equilibrium level for the inhibitory action, because vagal impulses do not change it significantly although they speed up the repolarization of the impulses just as happens in pacemaker fibers (see Fig. 9 ). One may then assume that vagal stimulation merely tends to repolarize the pacemaker fibers to their resting potential and that no genuine hyperpolarization occurs during inhibition.
The effect of vagal stimulation in shortening action potentials of sinus and auricle fibers may also be interpreted by postulating an increase in the permeability to potassium and chloride. The repolarization of the cardiac action potential is very slow compared with that of most other tissues, possibly because of a great retardation or absence of the rise in potassium permeability (Weidmann (26)). An opening of new channels to potassium and chloride would therefore be bound to accelerate the repolarization. The striking degree to which this was seen when direct stimulation was given during vagal arrest demands that the increase in the permeability be very considerable. In fact, a change of the same order as the increase in sodium permeability during the upstroke of the action potential would be required, for at the depth of inhibition the amplitude of the action potential of sinus fibers is appreciably reduced.
The block of conduction within the sinus is of considerable interest. It is presumably due to a decrease in the action potentials to a point at which they do not set up enough local current for self-propagation. This mechanism may play a part in the auriculo-ventricular node when conduction is blocked by vagal stimulation. Here the nerve endings and receptors are localized in a strategic position through which the impulse must pass.
The interpretations we have given to our experiments are based on imperfect analogies because the small size of the sinus fibers makes it difficult to carry out the experiments necessary to test how far an increase in membrane conductance can account for the effect of vagal stimulation. Some direct evidence for a role of potassium ions in vagal inhibition has, however, long existed. Howell and Duke (20) found that potassium ions are liberated from perfused frog hearts during vagal inhibition. This observation has been confirmed by Lehnartz (23) in a significant short note. His experiments on tortoise sinus auricle preparations make it clear that the cardiac fibers themselves are the source of the extra potassium appearing in the bathing solution on vagal stimulation, for the effect could not be demonstrated in atropinized preparations. A decrease by acetylcholine in the potassium content of guinea pig auricles has also been demonstrated (Holland, Dunn, and Greig (19) ). Regarding the effect of sympathetic stimulation one may postulate a decrease in potassium permeability, as shown in mammalian skeletal muscle (Goffart and Perry (16)), or an ino crease in the sodium influx. In the absence of direct information it is not justifiable to choose between these alternatives; both mechanisms may play a part. It should be pointed out in this connection that the action of adrenalin is not confined to specific regions of the heart. The frequency of excised Purkinje strands is increased by adrenalin, and its application to a circumscribed area of auricular or ventricular tissue may evoke a pacemaker potential and an extrasystole (Bozler (3) ). An influence of adrenalin on the mechanisms governing the sodium influx between beats is therefore altogether possible. 2. Sinus fibers show a slow depolarization, the pacemaker potential, during diastole. The amplitude of this potential varies in different parts of the sinus. In some fibers the membrane potential falls by 11 to 15 my. during diastole and the transition to the upstroke of the action potential is comparatively gradual. In other regions the depolarization develops more slowly and the action potential takes off more abruptly from a higher membrane potential. It is proposed that the fibers showing the largest fall in membrane potential during diastole are the pacemaker fibers of the heart, and that the rest of the preparation is excited by conduction. In auricle fibers the membrane potential is constant during diastole.
3. The maximum diastolic membrane potential and the overshoot of the action potential vary inversely with the amplitude of the pacemaker potential.
The highest values were measured in auricle fibers. 4 . Stimulation of vagi suppresses the pacemaker potentials. While the heart is arrested the membrane potential of the sinus fibers rises to a level above the maximum diastolic value reached in previous beats. In 28 experiments vagal stimulation increased the membrane potential from an average maximal diastolic value of 55 mv. to a "resting" level of 65.4 my. The biggest vagal polarization was 23 mv.
5. In contrast to the sinus fibers vagal inhibition does not change the diastolic membrane potential of frog auricle fibers.
6. Vagal stimulation greatly accelerates the repolarization of the action potential and reduces its amplitude. These changes were seen both in the sinus and in auricle fibers stimulated by direct shocks during vagal arrest.
7. The conduction velocity in the sinus venosus of the tortoise is reduced by vagal stimulation. Block of conduction often occurs.
8. In the frog sinus venosus sympathetic stimulation increases the rate of rise of the pacemaker potential, accelerating the beat. The threshold remains unchanged. The rate of rise of the upstroke and the amplitude of the overshoot are increased.
9. The analogies between the vagal inhibition of the heart and the nervous inhibition of other preparations are discussed.
